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ABSTRACT 

We present new optical and X-ray observations to show that the X-ray source 1WGA J1346.5— 6255 
previously associated with the SNR G309.2-0.6 can be unequivocally identified with the emission 
line star HD 119682 located in the foreground open cluster NGC 5281. Images from Chandra in 
the X-ray band as well as from Magellan in the narrow optical Ha band show a coincidence of the 
source positions within 0.5". The X-ray source appears extremely hot for an OB-star identified as of 
09. 7e type. XMM-Newton spectra show plasma temperatures of 1 keV and > 8 keV with an X-ray 
luminosity of 6.2±0.1 x 10 32 erg s^ 1 . The optical and X-ray properties are very reminiscent of the 
prototype emission line star 7 Cas. We discuss the ramifications of this similarity with respect to very 
early type emission line stars as a new class of hard X-ray sources. 

Subject headings: stars:cmission-linc, Be stars:individual(HD 119682) — X-rays:stars 



1. INTRODUCTION 

X-ray emission from early type stars has many ori- 
gins and much progress has been made, particularly 
in recent years, to understand some of the underlying 
mechanism s. Since the discovery with the Einste i n Ob - 
servatory l|Harnden fc et all 119791 iSeward et"all 11979ft 
it has been established that O-stars and most early- 
type B -stars emit X-rays o f som e form llPallayicini et al. 
19811 iChlebowski et all 119891: iBerghoefer fc Schmitt 
19941: iCassinelli et al.lll994j) . Observations with ROSAT 
established a fairly tight relationship between the 
X-ray and bolometric lum inosity with Lx/Ltoi ~ 
10~ 7 (jBerghoefer et al.lll996ft . OB-stars that follow this 
relation are thought to generate X-rays from a distri- 
bution of shocks in a line driven win d JLucv & White 
1198(1 lLu7^IT982t IQwocki et al"HT98l . We have a rel- 
atively fair understanding how the shocks lead to X- 
ray emission and for involved wind velocities one can 
derive X-ray emissivities from plasma temperatures of 
up to 25 MK. However, once it comes to processes 
that l ead to these shocks, models differ quite substan- 
tially llOwocki et alJ 119881: iFeldmeierl 119951 iHowk et all 
2000; iFeldmeier fc Shlosmar]l2002tb 

Soon after the launch of Chandra and XMM-Newton 
it became clear that the origins of X-rays in hot stars is 
much more complex and puzzling. Some early observa- 
tions confirmed the picture where X-rays arise from shock 
fragments embe dded within about 10 stellar radii of 
the st ellar wind iKah njjjt^lJ|2j 1 )0Jj^^ CassineliU 
l200lt ICassinelli et al.ll200lHMiller et al]l2002fl . but oth- 
ers showed unusually high plasma temperatures and 
X-ray line properties which seemed to be more re- 
lated to forms of magnet ic acti vity llSchulz et al.l 
200M IWaldTor, ,v Cnssmellil l200ll ICohen et n ,lll20(K 
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Hard X-rays from hot stars have now been observed 
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from various circumstellar environments. Enhanced 
X-ray emission from magnetically confined winds has 
been observed in young OB-stars in and near the 
Orion Trapezium l)Schulz et al.ll200.3l : iGagne et al.ll2005t 
iSchulz et al.l l2006tl and also s e ems the likely proces s 
for r Sco l|Cohen et alJ 120031: iDonati fc etaP l200l . 
Candidates for X-ray enhancement through magnetic 
fields or colliding wi nds may be locat e d in other young 
embedded clusters |Wolk et all 120021 iRho et al J 120041: 
iTownslev et al.ll2003j) . Hard X-ravs from colliding wind 
binaries have been observed in several exotic O-star bi- 
narie s l|Sana et alJl2004t iCorcorar] 120051 IPollock et alJ 
2005). Binary interactions can also lead to powerful hard 
X-ray outbursts when two magnetically active stars in- 
teract as has been recently pr oposed for the mass ive spec- 
troscopic binary in 6 2 Ori A ijSchulz et al.ll2006j) . 

A third category has recently been identified as a 
possible source of intrinsic hard X-rays: hot emission 
line stars. The prototype of such a source is 7 Cas, 
which before Chandra was known as a hard X-ray source 
but was considered likely to be a binary system of a 
B0.5e star orbite d by a degen erate companion, proba - 
bly a white dwarf JKubo et alJll99cj lOwens et alll999j) . 
Smit h~et~aT] l)2004ft recently reported on high resolution 
spectra obtained with Chandra which indicated quite a 
number of peculiar X-ray properties. The spectra fea- 
tured various emission line spectral components from hot 
collisional plasmas which range from 100 eV to 12 keV as 
well a s cold fluorescence. In their analysis Smi th et alJ 
l)2004j) conclude that the X-ray emission is likely to orig- 
inate close to the Be star and its disk. 

In this paper we report on X-ray observations of an- 
other early- type star with bright, hot X-ray emission, the 
09e emission line star HD 119682, located in the open 
cluster NGC 5281. The open cluster itself is fairly well- 
studied. Photometry and proper motion of NGC 5281 
were investigated by iSanner et alJ 1)200 lft . who found 
an age for the cluster of 45±10 Myr and a distance of 
1580±150 pc from fits to the color-magnitude diagram 
after statistical field star subtraction. They find a mem- 
bership probability P = 0.78 for HD 119682 ba sed on 
the proper motion. ILevenhagen fc Leister! l|2004f l spec- 
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troscopically determined the fundamental parameters for 
HD 119682, an effective temperature of 31910±550 K, an 
age of 4±1 Myr, and a luminosity log(L / Lq) — 4.64±0.1 
implying a distance modulus consistent with NGC 5281. 
Given updated determinations of star ef fective temper- 
ature s which account for line-blanketing ({Martins et al.l 
2002), this effective temperature categorizes HD 119682 
as an 09.7 star, but it is certainly on the borderline be- 
tween O and B, with ILevenhagen fc Leisterl l|2006j) re- 
cently interpreting their measurements as a BOVe star . 
The optical spectra from Lcvcnhagcn & Leister ( 2004) 
do not show any evidence for binarity. 

The unequivocal ident ification of t h e X-ray source 
1WGA J1346. 5-6255 JWhite et alJ Il994blafl with 
HD 119682 had previously been thwarted by the lack 
of sufficient spatial resolution in the X-ray band to elim- 
inate source confusion in the center of NGC 5281 as well 
as the proximity on the sky of a young supernova rem- 
nant (SNR) G309. 2-0.6 for which 1WGA J1346.5-6255 
could potentially have been a pulsar-wind-nebula 
(PWN). Herein we present new Chandra X-ray and 
Magellan Ha observations with the spatial resolution 
to unambiguously establish the correspondence between 
1WGA J1346. 5-6255 and HD 119682 and discuss the 
deep X-ray spectrum of HD 119682 taken with XMM- 
Newton that even at CCD spectral resolution reveals 
emission lines from highly ionized Fe indicative of a hot 
thermal plasma. 

2. OBSERVATIONS 

To obtain an accurate and more finely constrained X- 
ray source position we used an archival Chandra ob- 
servation of the field. On 2004 December 26, NGC 
5281 was observed for 15 ks by the backside illuminated 
chip (S3) of the Advanced CCD Imaging Spectrome- 
ter of Chandra (OBSID:4554). The data were reduced 
and preliminarily analyzed using the pipeline devel- 
oped for the Chandra s tar formation archive ANCHORS 
l|Spitzbart et al.ll2005|) . With 1496 net photons from 
1WGA J1346. 5-6255, the Chandra spectrum suffers 
mildly from pile-up (^12%). In addition to the known 
bright X-ray source, 45 other point sources (19 with more 
than 20 net counts each) were detected, a number of 
which are coincident with other members of the open 
cluster. This field also contains a large portion of the 
supernova remnant (SNR) G309.2— 0.6, believed to lie a 
few parsecs behind NGC 5281. The radio sou r ce AT CA 
J134649-625235, identified by iGaensler et all lfl998|) as 
a candidate pulsar-wind-nebula (PWN) associated with 
this SNR is detected as an X-ray source, with 23 counts 
3' away from HD 119682. 

For the purposes of accurate astrometry and to reduce 
source confusion a 5 s narrow-band Ha image of the cen- 
tral 2.3' of NGC 5821 was taken with the MagIC CCD 
camera on the 6.5 m Clay Telescope of the Magellan 
Observatory at Las Campanas, Chile on 2004 February 
17 UT. The excellent <0.45" seeing and 0.069" pixel scale 
allowed us to register the field relative to the Guide Star 
Catalogue-II to an accu racy o f <0.75" with 30 matched 
stars using WCSTools ()Minkll2002j) . The resulting co- 
ordinates for HD 119682 were 13 h 46 m 32!56,-62°55'24"06 
(J2000). We can also conservatively rule out any bright 
optical companion further than 0.75" away simply from 
the lack of any non-instrumental distortions in the profile 
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Fig. 1. — Ha image of open cluster NGC 5281 with Chandra 
X-ray contours overlaid. The Ha image was taken with the MagIC 
camera at Magellan to better determine the positions of the bright 
stars. The contours shown are 1, 5, and 50 counts after adaptive 
smoothing. 1WGA J1346.5-6255 is clearly identified as the 09 
emission line star HD 119682. (The radio source ATCA J134649- 
625235 and its Chandra X-ray counterpart lie 3' to the northwest 
of this image.) 

of HD 119682 (~0.006 pc at the distance to NGC 5281). 

A 39.9 ks XMM-Newton observation of SNR 
G309. 2-0.6 was taken on 2001 August 28, OB- 
SID:0087940201 for which NGC 5281 was in the field, 6.5' 
off-axis. Three significant background flares occurred 
during the observation affecting EPIC-PN slightly more 
than the MOS instruments, resulting in filtered exposure 
times of 21.9 ks and 27.0 ks for PN and MOS respectively. 
The events were filtered using the standard criteria and 
XMM-SAS tools. For spectra from the MOS instru- 
ments, patterns between and 12 were kept. For the PN 
two spectra were extracted, one with only the single pixel 
events (pattern=0) and one for the multiple pixel events 
(patterns 1 to 4). The single pixel response is slightly 
better known and we can compare the single and multi- 
ple event spectra for signs of pile-up. Although extremely 
bright, we find that 1WGA J1346.5-6255 is not piled- 
up in any of the XMM-Newton instruments. A 30" ra- 
dius region centered at the Chandra source position was 
used to extract the events from 1WGA J1346.5— 6255. 
With 4068, 2677, 2696, and 2880 counts in EPIC PN 
single, EPIC PN multiple, MOS1, and MOS2, respec- 
tively, background subtraction is essentially negligible for 
1WGA J1346.5— 6255, reducing the count-rates by less 
than 5% . 

3. X-RAY PROPERTIES OF HD 119682 

ASCA observations showed that 1WGA J 1346. 5 -6255 
had a low column density more consistent with the 
distance to the open cluster N GC 5281 than SNR 
G309.2-0.6 l|Rakowski et al.l200H) . The Chandra ACIS- 
S observations show 1WGA J1346.5— 6255 to be an unre- 
solved source coincident with HD 119682 (Figure^). The 
flux has remained relatively constant (within 30%) across 
the ASCA , XMM-Newton , and Chandra observations 
in 1999 April, 2001 August, and 2004 December. No pe- 
riodicities were found from the power spectra of any of 
the light-curves of 1WGA J 1346. 5 -6255. However the 
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TABLE 1 

Thermal (Raymond-Smith) Model Parameters 



Parameter 


Value 




1 kT 2 kT 



Nh (10 21 atoms cm -2 ) 




1.8±0.1 


1.9±0.1 


abundance (x solar) 




0.39±0.13 


0.40±0.17 


fcT(soft)(keV) 






1.07±0.16 


nux(10 -12 ergs cm -2 s~ 


1 Ja 


o i +0.9 


0.08±0.04 


fcT(hot) (keV) 




WA±U 


flux(10~ 12 ergs cm - 2 s~ 


1 Ja 


1.81±0.01 


1.74 ±0.03 


X 2 (d.o.f.) 




450.56(390) 


422.16(388) 



a X-ray flux from 0.5-8.0 keV 

light-curves do show evidence of moderate variability at 
the 3cr level. The longer XMM-Newton observation and 
superior high-energy response of EPIC-PN reveal strong 
emission lines of Fe XXV and Fe XXVI just below 7 keV. 
Weaker thermal emission lines are apparent between 1 
and 3 keV (Figure 0). 

The XMM-JVewton spectrum was modeled 
by a Raymond-Smith thermal plasma model 
l)Ravmond fc Smith! Il977j) with one or two temper- 
ature (kT) components absorbed by the intervening 
column density TVh- The metal abundance of the plasma 
was allowed to vary freely. The best-fit parameters, 
fluxes, 90% confidence intervals, and x 2 values are given 
in Table We confirm the low value of N-r and find a 
kT of 8.1+°;^ keV given a single component. A second 
cooler component, kT ~ 1 keV, significantly improves 
the fit (F-test null-hypothesis probability < 3.3 x 10 -6 ). 
However the flux in this component is < 5% of the 
flux in the hot component. Based on these spectra we 
conclude that the emission is dominated by a extremely 
hot thermal plasma with kT = 10. keV. At a 
dista nce to NGC 5281 of 1580 pc ijPaunzen fc MaitzerJ 
120011) the measured A^t and fluxes imply a total X-ray 
luminosity of 6.2±0.1 x 10 32 erg s _1 . While a power-law 
model would of course fit the electron bremsstrahlung 
dominated spectrum, the feature just below 7 keV is 
well described by Fe XXV and Fe XXVI line emission in 
a thermal plasma at the temperature determined by the 
continuum. 

4. DISCUSSION 

Using the excellent spatial resolution of Chandra and 
optical images from Magellan we were able to iden- 
tify the X-ray source 1WGA J1346. 5-6255 thought to 
be a possible PWN at the center of SNR 309.2-0.6, 
as the 09. 7e massive star HD 119682. The region it- 
self is rather complex. The line of sight hosts an ex- 
tended radio structure 



gnsler et al.M l9981 at a dis- 
tance of about 5 kpc which appears positionally coin- 
cident with a second possibly extended X-ray source 
from the ROSAT All Sky Survey (RASS) llVoges fc et a,U 
ll999| 1RXS J134651. 1-624843. Follow-up ASCA obser- 
vations detected strong emission-lines from the extended 
structure confir ming its identification as a young ejecta- 
dominated SNR l|Rakowski et alJ2001l) . As for the bright 
point source 1WGA J1346.5-6255, ROSAT contours al- 
ready suggested the possibility of an association with the 
foreground c luster NGC 5281 and its third brightest star 
HD 119682 ijGaensler et al.lll998|) . However, its high X- 
ray brightness as well as a measured spectral index from 
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Fig. 2.— XMM-Newton spectra of 1WGA J1346. 5-6255, from 
top to bottom, the single event PN spectrum (xlO), the multiple 
event PN spectrum, MOS l(x0.2) and MOS2(x0.05). The model 
shown includes two temperature components. The contribution of 
the second cooler component is illustrated for the MOS2 spectrum 
(marked "low kT"). Fit residuals (S\ 2 ) for each instrument are 
shown below the spectra. 

the ASCA observation were equally consi stent with a pul- 
sar or synchrotron nebula interpretation ( Rakowsk i et alJ 
|2001|) . The low absorbing column density favored an ori- 
gin in NGC 5281. 

The better than 1" agreement between the Chan- 
dra source position and the optical position of 
HD 119682 dispels any doubts about the identification 
of 1WGA J1346.5-6255 with HD 119682. Both the op- 
tical and X-ray properties of HD 119682 are reminis- 
cent of 7 Cas where a recent X-ray gratings study con- 
cluded that t he Be-star itself is the likely source of X- 
ray emission ijSmith et al J 12004). First, HD 119682 has 
been classified as a very late O or very early B emis- 
sion line star, similar in type to 7 Cas (B0.5e). Second, 
the likeness between the X-ray properties of HD 119682 
and 7 Cas is striking. Our spectral analysis produced 
a two component fit that features a 1 keV soft compo- 
nent and a dominant hard component of about 10 keV. 
Significant Fe XXV and Fe XXVI line emission highlights 
the hot thermal origin of the spectrum in HD 119682. 
Likewise 7 Cas exhibits a very hot emission compo- 
nent up to kT = 12 keV along with some levels of 
soft emission. In both stars the hard emission domi- 
nates, with the soft component contributing only 5% of 
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the flux in HD 119682 and 14% in 7 Cas (Smit h et all 
2004), which to our knowledge is unique in stellar sys- 
tems. Furthermore, the measured luminosities are quite 
similar, L x — 6.2 x 10 32 ergs -1 , log(L x /L bo i) = 
-5.4 for HD 119682 com pared to L x = 5.1 x 10 32 



UKuhoet a,UI1998D. lon(L Y /U 



erg s * llrvubo et alJllHHMl. l,oa\L v /L^j) 
Cas using L^oi from Hamann & Pcrsson ( 1992). That the 
emission from HD 119682 is analogous to 7 Cas, seems 
by far the most likely possibility. 

By contrast, the colliding wind scenario would have 
to involve another similarly massive companion with ex- 
tremely strong winds, no evidence for which is seen opti- 
cally in imaging or spectroscopy. Furthermore the spec- 
tral type of HD 119682 is 09. 7e or later. For such late 
type stars the energetics for colliding winds as the ori- 
gin of the hard X-ray emiss ion are even more difficult to 
justify. A recent study bv lSchulz et alJ {2006) involving 
the massive triple 9 2 Ori A, which contains an O-star of 
about similar type, showed that even for the existence a 
close massive companion, the wind densities as well as 
the involved kinetics do not favor a colliding wind sce- 
nario. HD 119682 should be even less favorable as optical 
spectra do not indicate a massive companion. 

The possibility that the origin of the high-energy emis- 
sion from HD 119682 is a magnetically confined wind 
seems a viable alternative. However, conditions that 
lead to a con finement scenario, a s modeled for the case 
of 1 Ori C JGagne et alJ [20051. seem a bit unrealis- 
tic here given the extremely high plasma temperatures 
of HD 119682. Furthermore most magnetic activity 
of suc h kind has been o bserved in much younger OB 
stars ijSchulz et al.ll2003|) . Quite recently it was con- 
cluded that the field in young r Sco, anothe r young early 
type star that shows hard X-ray emission ijCohen et al.l 
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2003), is likely of fossi l origin rather than some intrin- 
sic dynamo activity (JDonati fc et al.ll2006|) . The answer 
thus has to be more complex. 

The remaining possibility points to the quite enigmatic 
case of 7 Cas. For the moment, though, with only a 
CCD-resolution spectrum we cannot go much beyond 
a discussion about the similarities between 7 Cas and 
HD 119682. However, the case may bear implications 
with respect to the nature of the X-rays in both sources. 
HD 119 682 is quite well identified and neither optical 
spectra l|Levenhagen fc Leisteri r2004') nor our high spa- 
tial resolution optical imaging yet show any evidence for 
a companion. Even though the high resolution spec- 
tra of 7 Cas provided additional evidence that the ob- 
served X-ray emission is likely not due to a possible white 
dwarf companion, that hypothesis could not be entirely 
ruled out because of some resemblance between the X- 
ray emission from some ca taclysmic variables and the 
HET G spectra presente d bvlSmith et all l|2004|) More re- 
cently ISmith fc BaTonal ©06) reported on another Bc- 
star (Ble), HD 110432 (BZ Crucis), which shares sim- 
ilarly peculiar X-ray and optical characteristics with 7 
Cas. The case of HD 119682 thus seems to be another 
candidate of "7 Cas analogs" with the strong notion that 
the hard X-ray emission emanates from a single OB emis- 
sion line star. 
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